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This invention relates to an audible tone gen- 
erator of a type adapted particularly for use in 
a telephone system for transmitting an audible 
tone to a calling subscriber to indicate that 
called subscriber's station is being rung. 
Objects of the invention are simpliclty of con- 
struction with reduced cost, improved load ca- 
pacity and increased fiexibility. 
A feature of the invention is a static frequency 
changer of few parts that requires no mainte- 
hante. 
The present invention is an alternative fo the 
tone generator disc!osed in \'Vrathall Patent 
2,234,213, March ii, 1941, and represents a sim- 
plification thereof, uzing fewer parts. 
The nature and object of the invention will 
be more fuily understood ïrom the ïollowing 
tailed description taken in connection with the 
accompanying drawings in which 
Fig. 1 is a schematic diagram of a circuit in- 
corrating the invention and Fig. 2 shows a 
typical wave form produced by this ciïcuit. 
In Fig. 1 a source of 20 cycles per second ring- 
ing cuitent is shown ai  adapted fo be connected 
 a called subscriber line during a ringing period. 
The switching circuits for maMng the connec- 
tion fo the subscriber line may be similar fo those 
shown in the patent referred fo, but for pur- 
ses of present disclosure the source  is shown as 
actually connected to load  O by way oï line wires 
2 and . While the load 9, which typically may 
be the ringer in a called line, is actuated by 20 
cycle current, if is desired fo pïoduce audible 
tone moduiatio on this current which can be 
heard by the calling subscriber whose line is also 
.coected across conductors 2 and $ during ring- 
ing periods, in the manner shown in the patent. 
The audible tone is produced by means of in- 
ductance coils having cotes indicated ai  and 
 and windings indicated at , 6 and . A ca- 
pacity 9 is also connected across winding 
Inductance 4,  is a linear coil operating be- 
low saturation ai all values of normally applied 
current, whiie inductance , 7,  is a non-linear 
coil worked along the portion of i magnetiza- 
tion curve where the permeability is changing 
rapidly in each hall cycle oï applied current, 
preferably above the knee of the magnetization 
cuwe. When so worked, the non-linear coil pro- 
duces a highly distorted voltage wave form con- 
taing all the odd harmonics oï the supply fre- 
quency extending over a wide range from 60 cy- 
cles well up into the audible range. Condeer 
9 provides a means of adjustment of the voltage 
across winding @, and if is chosen or adjusted 
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fo the right value fo resonate or partially resonate 
with inductance 6 ai t.he frequency of the desired 
tone so as fo accentuate il. For example the 
twenty-first multiple is a 420 cycle frequency 
5 which is suitable for the ïing-back tone. 
Winding portion 8 comprises a few turns al 
the end of winding 6, these turns being connected 
in series in the lower line wire 3, so as to impress 
the 420 cycle tone directly on the line circuit 
10 3, superposed on the 20 cycle current. 
The shape of the voltage wave in line 
illustrated in Fig-. 2, where one complete cycle 
of the 20 cycle wave is shown, with the tone 
modulation superposed on il. The modulations 
15 occur on the sloping part of the supply wave 
tween ils zero intercept and ils maximun or 
pek value. Condenser 9 in shunt fo winding 
aids in phasing the tone modulations relative fo 
the 20 cycle supply wave fo bring the modula- 
2o tions al the sloping portions of the fundamentat 
wave instead of al the peaks. 
Il will be observed that the tone producer in 
accordance with the invention consists of but 
few parts, resulting in low construction cost and 
25 in spaced economy. Il has been round to handle 
twice the load of an existing type consisting of 
more parts and occupying the saine space, and 
the quality and level of the tone produced are 
substantially constant from no load fo full load; 
30 also no resistor is required fo diseharge the con- 
denser 9 when for any reason the set is discon- 
nected from the circuit. In other tone generator 
circuits if is necessary fo provide for discharge 
of the condenser under these conditions fo pro- 
35 tect personnel working on the circuit from pos 
sibility of shoek. 
One reason for the high load capacity % that 
the shunt circuit consisting of the two coil and 
condenser shunts comparatively little o the 20 
40 cycle current. The inductance of the linear coil 
, § remains sufficient fo prevent excessive shunt- 
ing even though the inductance of non-linear 
coil 6, ] falls fo low value during portions of each 
halÏ cycle. 
45 The number of turns in the portion $ can be 
varied fo give the desired amount of modulation 
with a minimum of background noise. 
The output or load side of the tone producer 
will ordinarily be multipled fo other loads as inc 
50 dicated at  ,  . 
The invention is not fo be construed as limited 
fo the details disclosed in cm-mection with the 
description nor fo values cited by way of exam- 
ple, but is capable of variation and adaptation 
55 within the scope and spirit of the invention. 
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%Vhat is claimed is: 
1. A static tone generator for producing audible 
modulation of sub-audible ïrequency current 
comprising in combination with a sub-audible 
frequency wave source and load circuit and an 
interconnecting line therebetween, a circuit in 
bridge of said line comprising a linear inductance 
and non-linear inductance in series with each 
other, the latter proportioned in relation to the 
applied wave to operate well into its saturation 
region in each hall oï the applied wave to genet- 
are multiple ïrequency waves, a capacity across 
said non-linear coil to emphasize production of 
multiple frequency waves in a selected frequency 
range, and additional turns on the core of said 
non-linear coil, said additional turns compris- 
ing a small fraction of the total winding on said 
core and connected in series in one side of said 
line. 
2. A static frequency changer for superposing 
on a base frequency wave components of multi- 
ple frequency comprising in combination with a 
source of base frequency waves and a load cir- 
cuit, a linear inductance and a non-linear in- 
ductance connected in series with each other 
across the termL'als of said loac ch'cuit, one 
terminal of said source being connected to a 
terminal common fo said non-linear inductance 
and said load, the other terminal of said source 
being connected to a tap on said non-linear in- 
ductance at a point removed from ifs point of 
connection to said load by a small fraction of the 
total number of turns in said non-linear coi1, 
whereby said small fractional number of turns 
are included in series between the source and 
load, and a condenser connected across tloEe re- 
maining portion of the non-linear inductance and 
proportioned in relation thereto to emphasize 
production of said multiple frequency com- 
ponents. 
3. A static frequency changer for superposing 
on a base frequency wave components of multiple 
frequency comprising in combination with a 
source of base frequency waves and a load cir- 
cuit, a two-wire line extending between the ter- 
minals of said source and the terminals of said 
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load, a linear inductance, a non-linear inductance 
having a tap point near one end so as to divide 
the total winding into one section comprising the 
major portion and another section comprising 
5 only a small fraction of the total number of turns 
in said winding, said linear inductance and said 
major portion of the winding of said non-linear 
inductance being connected in series with each 
other across said line, a condenser connected 
10 across said major portion of said winding and 
proportioned in relation thereto to emphasize pro- 
duction of multiple frequency components in a 
desired range, saii small fractional number of 
turns being included in series relation in one side 
15 of saidline. 
4. A static frequency changer comprising a 
linear inductance, a non-linear inductance hav- 
ing one end of its winding connected to one end 
of said linear inductance, and forming a common 
20 point, a tap point in the winding of said non- 
linear inductance near the end of the winding re- 
mote from said common point, saii tap point and 
the other end of said linear inductance adapted 
for connection fo an input source of base fie- 
25 quency alternating current, a load circuit con- 
nected across the two ends of said inductances 
remote from the common point and a condenser 
connected across the portion of said winding of 
said non-linear inductance that is included be- 
30 tween said tap and said common point, said con- 
denser being proportioned in relation to the in- 
ductance of said included portion of said wind- 
ing to accentuate the production of currents hav- 
ing desired frequencies which are multiples of 
35 said base frequencies. 
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